INTRODUCTION {#sec1-1}
============

Proximal humeral fractures (PHFs) account for 4-5% of all fractures. These fractures are more prevalent in older patients, many of whom have osteoporosis.\[[@ref1]\] Most PHF are minimally displaced and can be treated conservatively.\[[@ref2]\] On the other hand, almost 15-20% of PHF are displaced and require surgical intervention.\[[@ref1]\] Neer defined significant displacement as more than 1cm of translation or more than 45° of angulation in any major fracture fragment.\[[@ref3]\]

It is difficult for orthopedic surgeons to render the ideal treatment for displaced PHFs in elderly patients. The leading recommended treatment options include open reduction and internal fixation, hemiarthroplasty and conservative approach for these fractures; however, there is no straightforward indication.\[[@ref4][@ref5]\] Surgical treatment of displaced PHFs in elderly is not always an excellent choice and often results in failure due to severe osteoporosis and patient related co-morbidities.\[[@ref5][@ref6]\] Recently, reports of satisfactory results have encouraged orthopedic surgeons to prefer conservative treatment for displaced PHFs in elderly.\[[@ref7][@ref8][@ref9]\]

Most authors have suggested that functional outcomes associated with the initial displacement and the number of fracture fragments. However, it is not clear that poor functional outcomes are related to the final geometry of the humeral head after fracture union.\[[@ref9][@ref10][@ref11][@ref12]\] We hypothesized that final geometry of the humeral head after the union is related with the functional outcome rather than the initial fracture comminution. This study aimed to investigate the relationship between the severity of the humeral head fragmentation and the final geometry of the humeral head after union from the functional and clinical results of elderly patients treated conservatively for displaced PHFs.

MATERIALS AND METHODS {#sec1-2}
=====================

This prospective study comprised 34 consecutive cases aged 65 years and over who presented at our clinic between March 2009 and April 2011 with displaced PHF and were treated conservatively. In all the patients, surgery was planned, but could not be performed due to either patient had high risk anesthesia, American Society of Anesthesiology IV (ASA IV) or patient did not elect to undergo surgery despite recommendation. The fractures were classified according to the Neer classification and all met the displacement criteria (45° angulation of fragments and/or more than 1 cm translation).\[[@ref3]\] Any cases of open fracture, pathological fracture, polytrauma patients or those with neurological or psychiatric problems, which would prevent them following the rehabilitation protocol, were excluded from the study. This study was carried out according to the Declaration of Helsinki and Institutional Review Board approved the study protocol.

The patient demographic data (age, gender, affected side, dominant side, comorbidities) and fracture type were recorded. Initial radiologic examination was made by anteroposterior and scapular Y radiographs. Computerized tomography (CT) was used if any doubt existed as to the degree of comminution or position of the displaced fracture parts. No reduction was made on any case. The arm was immobilized in a sling for the 1^st^ week. The physical therapy was started with pendular shoulder exercises in the 2^nd^ week and gradually increased as the patient tolerated. Passive shoulder exercises were encouraged in the 3^rd^ week and active and active-assisted shoulder movements were began in the 6^th^ week. Rotational movements were not allowed until the 6^th^ week to avoid further translation of the fragments.

Following the rehabilitation program, patients came for clinical follow-up at the 3^rd^ month, 6^th^ month, 1 year and then yearly thereafter. Patients were evaluated clinically using Constant shoulder score (CS), quick form of disabilities of arm, shoulder and hand score (Q-DASH) and visual analog scale (VAS) in each visit and the last follow-up.\[[@ref13][@ref14]\] After fracture union, active shoulder movements were evaluated. The capacity for pain-free flexion, abduction, external rotation, internal rotation and other active range of movements were measured by goniometry. The shoulder range of movements was compared with the contralateral side. When measuring the capacity for internal rotation, as patients were not capable of internal rotation while the shoulder was at 90° abduction, the highest vertebral level that could be reached with the hand behind the back was stated as the level of internal rotation. Muscle strength was accepted as the highest level of shoulder flexion achieved while holding a 1 kg weight with the shoulder at 90° abduction.\[[@ref5]\] CS results were evaluated as more than 70 points, excellent, 50-70 points, satisfactory and below 50 points, poor.\[[@ref15]\]

Union was monitored radiologically and clinically on a weekly basis for the first 2-6 weeks then at the 3^rd^, 6^th^ and yearly thereafter. At the end of 1 year, a shoulder CT was performed. Shoulder CT and radiographs were assessed for union, malunion, humeral head coronal plane position, osteoarthritis and possible osteonecrosis. After union, the humeral head coronal plane position was determined by the angle at the intersection of the line drawn between the tip of the tuberculum majus and the tip of the inferior joint surface and the line drawn parallel to the humeral diaphysis cortices and this was compared with the contralateral side \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref8]\] Throughout the treatment, all cases were monitored for possible complications (non-union, impingement, osteonecrosis and stiffness of the shoulder and neurological deficit). Samilson and Prieto criteria were used to classify potential glenohumeral arthritis and the Cruess classification was used for the stages of osteonecrosis.\[[@ref16][@ref17]\]

![Measurement of humeral neck-shaft angle. Line A is drawn between the tuberculum majus and inferior joint surface (asterisks) and represents the alignment of the neck. Line B represents the alignment of the humeral shaft. Neck-shaft angle is defined as the angle between the Line A and Line B](IJSS-7-105-g001){#F1}

Continuous variables were stated as mean and standard deviation and categorical variables as percentages and frequency distribution. Repeated measurements were analyzed using the Friedman test. Mann-Whitney test was used to compare the independent samples. The Spearman correlation test was used to determine relationships between variables. A *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

During the course of this study, three cases died for various reasons and two cases experienced cerebrovascular attack, which caused plegia at the injured side; thus, these patients were excluded from the study. Remaining 29 patients who were able to be followed-up for at least 1 year were included in the final analysis.

There were 21 female and 8 male patients. The mean age of the patients was 78 ± 8,6 years (range 65-93 years). The mechanism of injury was a simple fall in 24 patients, fall from height in two patients and traffic accident in three patients. Fifteen fractures involved the right upper extremity and the remaining 14 involved the left upper extremity. In 13 patients, fractures involved the dominant extremity. A total of 22 patients could not be operated due to the reason for high risk anesthesia (ASA IV). Seven patients were ASA III, but they all rejected surgical treatment. There were 15 Neer type three-part, 9 Neer type two-part and 5 Neer type four-part fractures.

The mean follow-up period was 18.2 ± 4.07 months (range 12-26 months). Mean CS at 3^th^ months, 6^th^ months and the final follow-up were 41.8 ± 9.0, 60.6 ± 12.6 and 72.2 ± 14.0 points respectively. Throughout the follow-up period, the CS was seen to significantly increase (*P* = 0.0001). According to CS scoring, 18 cases (62%) had excellent (\>70 points), seven cases (24%) satisfactory (50-70 points) and four cases (14%) had poor results (\<50 points). The mean VAS score at the final follow-up was 1.3 ± 1.5 points (range 0-5). The mean Q-DASH score at the final follow-up was 25.4 ± 20.1 (range 2.3-70.5) points. At the final follow-up, a mean range of motion (forward flexion) of 75% (range 30-96%) was determined to have been regained when a comparison was made with the healthy shoulder \[[Figure 2](#F2){ref-type="fig"}\].

![A 79-year-old female patient with Neer type two-part fracture. (a) Initial shoulder antero-posterior shoulder radiograph. (b) Final follow-up radiograph. (c) 3D computerized tomography (CT) and (d) coronal CT reconstruction. (e and f) Clinical appearance of the patient at the final follow-up at 22 months](IJSS-7-105-g002){#F2}

Bony union was achieved in 28 cases (96.5%). The average duration of union was 5.2 ± 0.7 months (range 4-6 months). There was non-union in one case, thus humeral head neck-shaft angle could not be measured in this case. The mean humeral head neck-shaft angle was 63.8 ± 16.2° (range 26-88). 13 cases united with varus deformity and 15 cases united with valgus deformity. No significant relationship was found between functional outcomes (CS, Q-DASH and VAS at final follow-up) and humeral head neck-shaft angle. CS, ρ = −0.031 *P* = 0.876, Q-DASH, ρ = −0.129 *P* = 0.512 and VAS ρ = −0.193 *P* = 0.325). However, there was a significant reverse relation between the Neer type (humeral head comminution) and CS (ρ = −0.665 *P* = 0.0001). On the other hand, Q-DASH and VAS scores did not correlate with Neer type (Q-DASH ρ = 0.113 *P* = 0.558, VAS ρ = 0.264 *P* = 0.167). Functional results were compared between valgus malunited and varus malunited subgroups, again there were no significant difference between groups (CS 0.650, Q-DASH *P* = 0.821 and VAS *P* = 0.928 respectively). The CS was not related with the age of the patient (ρ = −0.298 *P* = 0.117).

In four cases, avascular necrosis of the humeral head was determined (two cases stage 2, one case stage 4 and one case stage 5). One case had pseudoarthrosis and one case had stage 2 glenohumeral osteoarthritis.

DISCUSSION {#sec1-4}
==========

This prospective study investigated the relationship between the final geometry of the humeral head and the functional results in elderly patients who were treated conservatively for displaced PHFs. Our hypothesis was final geometry of the humeral head dictates the functional results. However, we could not show any relationship between the final geometry of the humeral head and the functional outcomes in this study. Although all of our cases united with either varus or valgus deformity, functional outcomes were excellent or satisfactory in 25 cases (86%). In elderly patients, full glenohumeral movement is not essential for daily activities and normal shoulder function should not be expected even in healthy subjects.\[[@ref18]\] In the current study, the functional level of the patients prior to the fracture could not be obtained. However, at the final follow-up, pain scores were low and an average of 75% shoulder movement was regained.

Treatment of humerus proximal fractures in the elderly is an unsolved and difficult problem for orthopedic surgeons. However, recent literature advocates the conservative treatment as a valid option, despite complete functional recovery could not be obtained.\[[@ref7][@ref8][@ref9][@ref19]\] Current literature contains conflicting knowledge about the functional and radiologic results of displaced proximal humerus fractures in the elderly. Zyto *et al*. recommended conservative treatment, despite lower functional scores and non-anatomic reduction of fractures in their two different studies.\[[@ref9][@ref20]\] Hanson *et al*. reported that initial fragmentation and displacement of the fracture determined the functional results after the conservative treatment in elderly patients.\[[@ref7]\] However, Court-Brown and McQueen suggested that age of the patient is another important factor that affected the functional results as well as the initial fracture type.\[[@ref8][@ref18]\] On the other hand, Rasmussen *et al*. claimed that functional results are independent from the age.\[[@ref15]\] Furthermore, Yüksel *et al*. proposed that neither the initial fragmentation nor the age of the patient determine the final functional status of the patients.\[[@ref10]\] In our study, we have found that the initial fracture fragmentation (Neer type) is strongly related with the functional results, however the age is not. Based on our results and the literature, fracture comminution is a prognostic factor for the final functional recovery. Thus, estimation of the functional loss at the initial admission may lead the management of these fractures and realize the patients' expectations.

According to the recent literature, coronal angulations of the proximal humerus are well tolerated in the elderly. Therefore, the final radiological outcomes do not reflect the functional results.\[[@ref7][@ref8]\] Court-Brown and McQueen reported no association between the varus angulation and the shoulder functions and the pain. He claimed that the poor outcomes are related with the increasing age.\[[@ref8]\] Yüksel *et al*. proposed that there is no need for reduction due to the fact that there is no relation between the head-neck angulations and the CS.\[[@ref10]\] Similarly, in our study, contrary to our initial hypothesis, we could not show any relationship between the varus or valgus malunions and the CS. However, contrary reports are also found in the relevant literature. Blonna *et al*. proposed that varus angulation more 25° results with poor functional outcomes; therefore they suggested surgical intervention for these fractures.\[[@ref11]\] Furthermore, Südkamp *et al*. claimed that varus angulation more 30° decreases CS significantly.\[[@ref12]\] Majority of our patients (86%) resulted with satisfactory functional outcomes, so we do not suggest surgery for these patients.

Although various rates have been reported in literature, at the final follow-up of our cases, 13.7% were determined as having osteonecrosis.\[[@ref19][@ref20]\] The mean age of our cases with osteonecrosis was 84 years, but there was an insufficient number to make an association with age. Advanced stage osteonecrosis in the shoulder joint is linked to severe functional limitations. Therefore, the elderly age group with a high number of fragments should be kept under observation after conservative treatment for the possibility of osteonecrosis.

This study has some strengths limitations. We analyzed limited number of patients and the study group consisted of heterogeneous cases in terms of fracture classification. As conservative treatment was the only treatment option applied, there was no possibility to compare with alternative treatment methods. The mean follow-up period of 18 months may be short. However, this study is a prospective study and no patients were lost from follow-up.

CONCLUSION {#sec1-5}
==========

Conservative treatment is a viable option for displaced PHFs in the elderly. Despite varus or valgus malunion, the functional results are satisfactory. The results of this study show that initial fragmentation has a negative effect on the functional results. However, the changed position of the humeral head on coronal plane does not affect the final functional results.
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